1. Introduction of COVID-19 {#sec1}
===========================

Tyrrell and Bynoein 1965 identified a virus responsible for common cold from human embryonic tracheal organ cultures and they named it as B814([@bib1]). In 1967, Almeida and Tyrrell performed electron microscopy study on fluids from organ cultures infected with B814and found particles sized (80--150 nm) that resembled the infectious bronchitis virus of chickens([@bib2]). In 1975, Tyrrell and Almeida named new group of virus as coronavirus (*corona* denoting the crown-like appearance of the surface projections) and was later officially accepted as a new genus of viruses([@bib3]). Coronaviruses belong to the Coronaviridae family in the Nidovirales order. Corona virus comprises a single-stranded RNA as nucleic material, size ranging from 26 to 32 kbs in length ([Fig. 1](#fig1){ref-type="fig"} ). The subgroups of coronaviruses family are alpha (α), beta (β), gamma (γ) and delta (δ) coronavirus.Fig. 1Schematic of the coronavirus.The viruses are pleomorphic spherical particles with bulbous surface projections (\~80--90 nm). Viral particles enclose a positive single stranded RNA genome complexed with the basic nucleocapsid (N) phosphoprotein. The virus consists of a lipid bilayer that anchors the membrane (M), envelope (E) and spike (S) proteins. A subset of coronaviruses have a shorter spike-like surface protein called [hemagglutinin esterase](https://en.wikipedia.org/wiki/Hemagglutinin_esterase){#intref0025}. Spike glycoprotein (S), the type I glycoprotein forms glycosylated peplomers giving it a crown-like morphology. It provides the virus its bulbous surface projections. It interacts with its compliment host cell receptor in determining the tissue tropism and infectivity. The membrane glycoprotein (M), is highly hydrophobic, and has a short N-terminal ectodomain and a cytoplasmic tail. It spans the membrane three times. Small Envelop Glycoprotein (E), a membrane-spanning protein, is a highly hydrophobic protein. It has a short ectodomain, a transmembrane domain, and a cytoplasmic tail. The lipid bilayer envelope, membrane glycoproteins, and nucleocapsid shield the virus when it is outside the host.Fig. 1

These viruses, severe acute respiratory syndrome coronavirus (SARS-CoV), H5N1 influenza A, H1N1 2009 and Middle East respiratory syndrome coronavirus (MERS-CoV) cause acute lung injury and acute respiratory distress which leads to pulmonary failure and result in mortality. Evidence showed that wild animals and bats are the natural reservoir hosts and play a crucial role in transmitting various viruses. The SARS-CoV and MERS-CoV originated from bats, then transmitted to human via intermediate hosts, civets and camels([@bib4]). Chan et al. \[[@bib5]\] reported a case of five patients in a family cluster, which confirmed Person-to-person transmission of corona viruses. Possible evidence of transmission was long chain of 4 "generations" (a person who originally contracted the virus from source infected animals someone else, who infected another individual, who then infected another individual), suggesting sustained human-to-human transmission \[[@bib6]\]. To date the infection was believed to be transmitted through airborne respiratory droplets and physical contact([@bib7]).The recent detection of corona virus in the faeces of confirmed patients in Wuhan, Shenzhen and the first case in the United States, indicates that the virus can replicate in the digestive tract and exist, suggesting a potential forfaeco-oral transmission \[[@bib8]\]. In December 2019, Wuhan, China experienced an outbreak of a novel coronavirus that killed more than thirty three hundred and infected over eighty two thousand individual still date. This virus was reported to be a member of the β group of coronaviruses. The novel virus was named as Wuhan coronavirus or 2019 novel coronavirus (2019-nCoV) by the Chinese researchers which was subsequently renamed the CoVID-19 virus([@bib9]).

1.1. Mechanism of human COVID-19 infection {#sec1.1}
------------------------------------------

The mechanism of CoVID-19of attachment, replication and cellular changes during the infection are presented in [Fig. 2](#fig2){ref-type="fig"} .Coronaviruses replication is facilitated by specific genes in ORF1 downstream regions that also encode proteins for nucleocapsid and spikes formation([@bib10]). The virus attaches to host cell through glycoprotein spikes on the outer surface ([Fig. 1](#fig1){ref-type="fig"}).Corona virus infect multiple hosts due to loosely attached receptor-binding domain (RBD). SARS-CoV caused systemic spread of severe lower respiratory disease with 10% mortality. Recently, another human coronavirus-Erasmus Medical Center (hCoV-EMC)) was recognized in severe lower respiratory tract infection<https://www.nature.com/articles/nature12005> - ref-CR4patients. Viral genome of hCoV-EMC is similar to coronaviruses found in bats. The dipeptidyl peptidase 4 (DPP4) act as a functional receptor for hCoV-EMC. Expression of DPP4 protein provides clues about the host range potential of hCoV-EMC([@bib11]). The entry mechanism of a coronavirus depends upon cellular proteases present in human airway such as trypsin-like protease (HAT), cathepsins and transmembrane protease serine 2 (TMPRSS2) that split the spike protein and establish further penetration changes. Coronavirus require angiotensin-converting enzyme 2 (ACE2) as a key receptor for cellular penetration. Researchers have confirmed that severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) uses SARS‐CoV receptor angiotensin‐converting enzyme 2 (ACE2) for host cell entry([@bib12]).Fig. 2The Mechanism of human CoVID-19 infection: 1: infected animals can infect Humans followed by human-to-human transmission through aerial droplets and contact. 2: life cycle begins with S protein binds to the cellular receptor ACE2. After receptor binding, S protein facilitates viral envelope fusion with the cell membrane through the endosomal pathway. Then CoVID-19 releases RNA into the host cell. Viral genomic RNA is translated into viral replicase polyproteins, which are then cleaved into small viral proteases. The RNA polymerase generates a series of sub genomic mRNAs and finally translated into all viral proteins. Viral genome RNA and proteins are subsequently assembled into virions in the endoplasmic reticulum, then to Golgi and transported via vesicles and released out of the cell. 3: CoVID-19 infection results in activation of epithelial cells, macrophages and dendritic cells. Antigens will be presented to the antigen presentation cells (APC), which triggers body\'s anti-viral immunity and uncontrolled systemic inflammatory response resulting from the release of large amounts of pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) by immune effector cells. 4: The cytokine storm will trigger a violent attack of immune system to the body, results in leaky blood vessels, cellular oedema and collapsed alveolar function. 5: Increased amount of IL6 and IL-1β results in activation of prostaglandins which results in increased body temperature. 5: System inflammation leads to decreased blood volume and increased hat ? function. Finally, it results in multiple organ failure, and may lead to death in severe cases.Fig. 2

1.2. Pathogenesis of COVID-19 {#sec1.2}
-----------------------------

The presently known pathogenesis of CoVID-19 infection is presented in ([Fig. 2](#fig2){ref-type="fig"}:3,4, and 5) with knowledge on this still evolving. It is important to note that the human immunological system is naive for this virus increasing the vulnerability of the species. The virus has a R0 of 2.5 which with its' airborne transmission makes it a challenge to contain, even compared to influenza virus. It is also infectious when the index case is completely asymptomatic and can stay alive on fomites for few hours to days. The mechanisms of SARS-CoV and MERS-CoVpathogenesis is very similar and can give us information on the pathogenesis. Once the virus enters the cells, its antigen will be presented to the antigen presentation cells(APC), Macrophages and Dendritic cells which trigger anti-viral immunity. Antigenic peptides are presented by human leukocyte antigen (HLA) and then recognized by virus-specific cytotoxic T lymphocytes (CTLs). These cytotoxic cells start to release of large amounts of pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) \[[@bib13], [@bib14], [@bib15]\]. The uncontrolled systemic inflammatory responses resulting in cytokine storm, which releases large amounts of pro-inflammatory cytokines. The cytokine storm triggers a violent attack by the immune system to the body, cause acute respiratory distress syndrome (ARDS) which leads to pulmonary oedema and lung failure, and have liver, heart, and kidney damages and finally lead to death in severe cases of CoVID-19 The cytokine storm launches a violent attack on the body organs, causing ARDS as well as hepatic, cardiac and renal damage leading to the mortality seen in severe cases of CoVID-19([@bib16]) (see [Fig. 4](#fig4){ref-type="fig"}).

1.3. Immunology in coronavirus infections {#sec1.3}
-----------------------------------------

Innate and adaptive immune systems function to tackle the daily exposure to pathogens the human body faces. Innate (non-specific, natural) immunity provides the initial and immediate response of the body based on broad pathogen specificity and is mediated by Dentritic cells, macrophages and B cells. Adaptive (learnt, specific) immunity responds to antigens/pathogens and is mediated by B cells, T-lymphocytes, Natural Killer Cells and effector lymphocytes. In both cases, the tissue-specific cells release small functional proteins called cytokines to attract immune system components to reach the site.Probable protective mechanism and involvement of cytokine and chemokines for COVID-19 infection is presented in [Fig. 5](#fig5){ref-type="fig"}. Cytokines play a key role in cell-to-cell communication within the immune system through receptors, at picomolar concentrations. They can have autocrine, paracrine or endocrine effects and display features of pleiotropy, redundancy, synergy and antagonism. Cytokines are variously described as interleukins, lymphokines, monokines, interferons (involved in anti-viral responses), colony-stimulating factors and chemokines (mediate chemotaxis or chemoattraction). Entry of the virus in the body activates initially the innate immunity with endocytosis of the infecting particle, phagocytosis and release of inflammatory mediators by Antigen Presenting Cells (macrophages, dendritic cells) mainly Type 1 interferons. Infected body cells expose Pathogen Associated Molecular Patterns (PAMPs) which are recognized by macrophages through surface receptors of the Pattern Recognition Receptor group, mainly the Toll Like Receptors (TLR) and RNA recognition proteins. Pathogen recognition initiates phagocytosis and release of cytokines Type 1 Interferons (IFN-α, IFN-β), TNF-α, Nitric Oxide and other cytokines([@bib17]). The macrophages then function as antigen presenting cells and also release proinflammatory cytokines IL-1, IL-6, and TNF-α as a pyrogenic response and drive expansion of T-lymphocyte populations through production of IL-10 (T~H~2 activation) and IL-12 (T~H~1 activation) \[[@bib18]\]. The interferons released by the cells helps to restrict or stop viral replication through its actions on expression of relevant genes. Cytokine of the IL-1 family - IL-37 is expressed in the macrophages/monocytes and has ability to suppress immune response and inhibit inflammation by suppressing eventually IL-1β, IL-6, TNF and CCL2(19). As an inhibitor of both innate and adaptive immunity and inflammatory responses, IL-37 plays a pivotal role in the antimicrobial response, including antiviral infections. Its effect on IL-1β is of great interest with respect to coronavirus-19 as explained later.A similar IL-1 family cytokine -IL-38 is released by macrophages and B cells and inhibits proinflammatory IL-cytokines. This cytokine too inhibits inflammation caused by coronavirus-19, thus having therapeutic potential \[[@bib19],[@bib20]\]. The recognition of antigens by surface membrane antibodies of B-lymphocytes initiates the B-cell differentiation into effector cells (Plasma cells) with copious antibody production. Neutralizing IgA antibodies bind with viral particles and prevent their binding to or entry into the tissue cells, not needing the presence of complement to function([@bib21]). These antigen-antibody complexes undergo opsonization and are phagocytosed by the macrophages and other cells. The DCs are the only antigen-presenting cells which can migrate to lymphoid tissue and engage with T-cells thus forming a link between innate and adaptive immunity. The DCs express Toll-like Receptors which play a key role in recognizing viral proteins and presenting the antigens to naïve T cells([@bib22]). The TLRs on binding with coronavirus 2019 releases pro-IL-1β which is cleaved by caspase-1, followed by inflammasome activation and production of active mature IL-1β which is a mediator of lung inflammation, fever and fibrosis.Other chemokines like IL-8 and inflammatory cytokines IL-1β and IL-12 are also released by the DCs([@bib23]). The naive T-Lymphocytes (CD4^+^) are then stimulated to an intermediate state termed T~H~0. The decision as to whether the T~H~0 will develop into an inflammatory T~H~1 cell, a helper T~H~2 cell, or a T~H~17 cell depends on cytokine environment at the site of priming \[[@bib24],[@bib25]\]. CD4^+^ T-Lymphocytes have coreceptors for MHC-Class II proteins. The production of IFN-γ by NK cells may influence the CD4^+^ T cell response to infectious cells, and they differentiate into pro-inflammatory T~H~1 cells able to activate macrophages([@bib26],[@bib27]). Naïve T cells stimulated with TGF- β, and IL-6 differentiate in to TH17 cells. TH17 cells secrete important cytokines IL-17, IL-21, IL-22. IL-17 stimulates the production of inflammatory cytokines, such as IL-6, TNF-α, IL-1β, chemokines (CXCL1, CXCL3, CXCL5, CXCL6), and several growth factors G/GM-CSF, and VEGF. TH17 cell also produces other important effector molecules, such as IL-21, IL-22, IL-26, IL-6 and CCL20([@bib28]). Th17 cytokines (IL-17 especially) as a bridge between innate and adaptive immune responses in host defences against a variety of pathogens at the mucosal surfaces([@bib29]).Both T~H~1and T~H~2Helper cells regulate the functioning of each other through the cytokines they release. Th-1 cells are proinflammatory and produce IL-2, IL-12 and IFN-γ, the latter activating macrophages and Cytotoxic T-Lymphocytes([@bib30]). The Th-2 cells release IL-4, IL-5 and IL-10 and function to destroy infected and injured cells. Naïve CD8^+^ helper cells are recruited by DCs with an important role played by the chemokine-chemokine receptor pair XCL1-XCR1 which may also form a 'feed-forward loop between the CD8^+^T cells and the DCs'. Recruitment of CD8^+^ lymphocytes is also regulated by IL-2 and chemokines released by the CD4^+^ Helper T-lymphocytes. One of the downstream targets of IL-2 signalling in promotion of CD8^+^ recruitment is the MAPK molecular pathway([@bib31]). It has been shown in coronavirus infections that IL-10 production may be promoted by strong T-Cell Receptors-MAPK signalling. This is significant as IL-10 is a cytokine that 'prevent immunopathology during viral infection without affecting the kinetics of viral clearance([@bib32]).

CD8^+^ Helper T-lymphocytes are also referred to as cytotoxic T-lymphocytes (CTLs) have three mechanisms in the event of infections. First they secrete cytokines primarily TNF-α and IFN-γ which have anti-viral effects. Second they release, selectively along the immune synapse, cytotoxic granules containing perforin and granzymes which enter the infected cell, shut down production of viral proteins and cause apoptosis of cells. After killing one cell, these CTLs can move to target other infection/diseased cells, thus multiplying their effectivity. Third, they express Fas-L on the cell surface and cause trimerization of Fas molecules on the target cell surface, activating the caspase cascade([@bib33]). Caspase 1 cleaves the pro-IL-1β released by DCs to affect inflammation. These cells release of large amounts of pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.)in addition to the IL-10(13,16). The humoral response in adaptive immunity involves the release of IgA and IgG by the activated B Lymphocytes or Plasma cells as described above. The IgA are neutralizing antibodies. The IgG are responsible for antibody dependent cellular cytotoxicity (ADCC) wherein the NK cells recognise the injured cells coated by the IgG antibodies and destroy them. NK cells can be activated by IFN-γ, IL-2, IL-12, and TNF to amplify the lysis of infected cell(26,27). Thus, innate immunity in early stages and the adaptive immunity in later stages work in tandem in the event of viral infection. Cytokines of different types play a vital role in cell-to-cell communication, signalling pathways and recruitment as well as differentiation of immune cells. The key role played by these cytokines makes therapies targeted at these in the event of any viral infections (including novel coronavirus 2019) a highly attractive potential option.

1.4. Symptoms of COVID-19 infection {#sec1.4}
-----------------------------------

Symptoms of CoVID-19 infection are mostly non-specific and the disease presentation can range from asymptomatic to severe pneumonia and death \[[@bib34]\].Symptoms of COVID-19 may appear 2--14 days after exposure and can includefever, cough, fatigue, sputum production, headache, haemoptysis, diarrhoea and dyspnoea(16,[@bib35]).Difficulty in breathing is associated with progressive hypoxemia not fully corrected by mechanical ventilation \[[@bib36]\]. Like all viral pneumonias, the risk of secondary bacterial infections can be a complication in patients worsening prognosis. Elderly patients and patients with co-morbidities, immunocompromised or immunosuppressed have been seen to have worse prognosis compared to others.In elderly patients, COVID-19 infection results in lower respiratory tract followed to fatal pneumonia. Vulnerable groups especially the elderly are more susceptible to developing lower respiratory tract infections and fatal pneumonia([@bib37],[@bib38]).In a study from China, patients with severe disease were older (than non-severe patients) by a median of 7 years and those needing ICU and mechanical ventilation were older by median 17 years with higher prevalence of hypertension of 35.8% as against 13.7% in those not needing ICU/ventilation([@bib39]). A study from Wuhan reported median age of non-survivors as 71 years with increased prevalence of comorbidities like hypertension (58.4%), Diabetes (21.8%), etc. \[[@bib40]\]. In the second week of infection, patients observed progressive hypoxemia, difficulty in breathing and ARDS. Additionally, chances of secondary bacterial infections are inevitable which leads to secondary bacterial pneumonia.

1.5. Diagnosis of COVID-19 {#sec1.5}
--------------------------

Diagnosis of CoVID-19 depends on a high index of suspicion in patients with respiratory symptoms, history of contact with confirmed cases, history of international travel and health care workers. Investigations like X-Ray Chest, HRCT Chest and sputum examination need to be accompanied by antigen detection using nasopharyngeal or oropharyngeal swabs. A study in China showed that the SARS-CoV-2 viral RNA were detected in symptomatic and asymptomatic contacts of confirmed case, with weakly detected RNAdetected in swabs of asymptomatic contact even after 11 days from index contact([@bib41]). This demonstrates the need for physical distancing and hygiene in the fight against the infection. Molecular approach based on RT-qPCR is the most common, effective and straightforward method for detecting pathogenic viruses in respiratory secretions and blood. Antibody detection can be used as screening investigation as the antibodies are detected. Corman VM described two step RT-qPCR assays (TaqMan-based fluorescence signal) to detectCOVID-19 viral genome separately(42) (see [Table 1](#tbl1){ref-type="table"} ).Table 1Primers and probes, real-time RT-PCR for SARS-CoV-2 virus(42).Table 1Assay/useOligonucleotideSequence[a](#tbl1fna){ref-type="table-fn"}Concentration[b](#tbl1fnb){ref-type="table-fn"}RdRP geneRdRp_SARSr-P2FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQSpecific for 2019-nCoV, will not detect SARS-CoV.Use 100 nM per reaction and mix with P1RdRP_SARSr-P1FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQPan Sarbeco-Probe will detect 2019-nCoV, SARS-CoV and bat-SARS-related CoVs.Use 100 nM per reaction and mix with P2RdRp_SARSr-RCARATGTTAAASACACTATTAGCATAUse 800 nM per reactionE geneE_Sarbeco_FACAGGTACGTTAATAGTTAATAGCGTUse 400 nm per reactionE_Sarbeco_P1FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQUse 200 nm per reactionE_Sarbeco_RATATTGCAGCAGTACGCACACAUse 400 nm per reactionN geneN_Sarbeco_FCACATTGGCACCCGCAATCUse 600 nm per reactionN_Sarbeco_PFAM-ACTTCCTCAAGGAACAACATTGCCA-BBQUse 200 nm per reactionN_Sarbeco_RGAGGAACGAGAAGAGGCTTGUse 800 nm per reaction[^1][^2]

RT-qPCR technique has few challenges including certain biological safety hazardretention, false positive resultsand long waiting time.Many clinicians proposed CT scans as more sensitive auxiliary diagnostic method detection of COVID-19. Patient with a high clinical suspicion of COVID-19 infection with negative RT-qPCR screening, it is recommended to use a combination repeated RT-qPCR tests and chest CT scan \[[@bib42]\].Currently, ELISA kits for IgM/IgG response of COVID-19 have been developed and pre-tested by some companies and have shown higher detection rates. The sensitivity of COVID-19 N-based IgG ELISA (94.7%) is significantly higher than that of COVID-19 S- based IgG ELISA (58.9%) \[[@bib43]\].Sensitivity of COVID-19 IgG/IgM ELISA kits remains a major challenge and need to validate the assay on larger sample size.ELISA kits for antibody detection against the virus are available for both IgG and IgM. However, antibodies are absent in the initial stages of the disease as the body develops an immunological response to the pathogen. Hence the tests are likely to be negative even in the presence of early infection. The USFDA does not recommend using the antibody tests as the "sole basis to diagnose COVID-19 but instead as information about whether a person may have been exposed". In a letter to health care workers, the FDA recommends that the test could be used to identify those exposed to the infection or recovered from it to as they could serve as potential donors for manufacture of convalescent plasma.

1.6. Current treatment options {#sec1.6}
------------------------------

Current management of the infection is based on previous experience with the MERS or SARS epidemics and the China experiences at Wuhan. Supportive management directed to alleviating symptoms and treat pathologies is accompanied in many countries with use of anti-viral and anti-inflammatory agents. At last count, the International Clinical Trials Registry Platform of the WHO had 1135 registered clinical trials related to studies on treatment options for COVID-19 infection. Currently anecdotal and case series reports reveal drug repositioning efforts with anti-virals like Remdesivir (tried for Ebola)and Lopinavir- Ritonavir (approved anti-retroviral drug) and anti-inflammatory drugs likeChloroquine (approved for malaria) andHydroxychloroquine (approved for Rheumatoid Arthritis), all of which are undergoing clinical trials for the new indication. Favipiravir is another anti-viral approved for influenza in Japan and beneficially tried in Ebola infection that is also being tried in COVID-19 infections. Anti-inflammatory agents with targets like IL-6, VEGF and other cytokines are being studied in several trials viz. Sarilumab, Tocilizumab, Eculizumab (anti-VEGF). Human convalescent plasma is the intervention being used in multiple clinical trials registered on the ICRR platform. Plasma from recovered patients (convalescent plasma) is a form of adaptive immunotherapy that was used in previous corona-virus infections such as SARS, MERS and the 2009H1N1 pandemic. A study in China was reported that has used convalescent plasma severe cases with beneficial effects on symptomatology and oxygenation([@bib44]). Vaccines are under development with China, USA and UK at the forefront. Recombinant n-COV vaccines with Adenovirus type 5 vector, intradermal prophylactic caccine (Phase 1, Inovio Pharmaceuticals, China), Recombinant chimeric COVIC-19 epitope DC vaccine (Shenzhen Third People\'s Hospital, China), bacTRL-Spike Vaccine for Prevention of COVID-19 (Phase 1.Symvivo Corporation, China), COVID-19 vaccine ChAdOx1nCoV-19 (Phase I/II, Oxford, UK), Recombinant Novel Coronavirus Vaccine (Adenovirus Vector) (Phase II, Insitute of Biotechnology, Academy of Military Medical Sciences, PLA of China), COVID-19 aAPC Vaccine (Shenzhen Geno-Immune Medical Institute, Phase I, China) and Recombinant Novel Coronavirus (2019-nCOV) Vaccine (Adenovirus Vector) (Phase II, Jiangsu Provincial Center for Disease Control and Prevention, China) are some trials that are eagerly awaited([@bib45]).

1.7. Placental extracts: biological drug {#sec1.7}
----------------------------------------

The placenta is a large lobular temporary organ that develops upon implantation of the blastocyst into the endometrium. This vascular organ is attached to the uterine wall and forms a conduit for maternal blood to provide oxygen, glucose and biologically active substances for the growth and development of the fetus. The placenta contains a wide range of biologically active components such as growth factors, Cytokine/chemokine, natural Metabolic and other compounds, anti-oxidants, Amino acids, Vitamins and Trace Elements([Fig. 3](#fig3){ref-type="fig"} ).Importantly, the placenta is capable of producing all substances found in any organ of the body \[[@bib46]\]. The placenta is considered to be bio-waste after delivery and this treasure of bioactive compounds many a time goes waste.Use of human placenta has been a part of folk remedy in Oriental countries and there is substantial experience of over a century in the application of the placental extract (PE)for experimental and clinical practice.In Japan, the hydrolysate of human placenta, which contains therapeutic compounds, has long been refined as human placental extract (HPE). In India, several studies have been made on the application of PE as wound healing material \[[@bib47]\]. Aqueous extract of human placenta shows accelerated cellular metabolism, absorption of exudates, effects debridement, antibacterial activity and stimulates tissue regeneration processes \[[@bib48]\]. Various methods have been standardized for preparation of PE for clinical use([@bib49]) and therapeutic efficacy of PE was studied for variety of pathologies, including inflammatory diseases, immunomodulation, anti-inflammatory, cellular proliferation and tissue regeneration, osteoarthritis, anti-ageing, chronic pain, ischemic brain damage, liver damage, etc. \[[@bib50], [@bib51], [@bib52], [@bib53], [@bib54], [@bib55], [@bib56]\]. Widespread clinical usage was unfortunately not accompanied by systematized basic research and clinical trials and the use of PE received no scientific follow-up. It is reasonable to expect that compilation of available data of clinical application of PE will shed additional light on the use of PE as an anti-viral therapy for COVID-19 infection.Fig. 3Biochemical composition of placenta.Therapeutic advantages of placental extract are attributed to their composition and properties. Different growth factors, cytokines/chemokines, metabolic and other trace elements, and natural antioxidants have anti-inflammatory, antibacterial, antiviral properties that are supportive of activation of monocytes and macrophages. These factors enhance the migration, proliferation and survival of macrophages and attracts monocytes and stimulates macrophages to release angiogenic and lymphangiogenic factors. Placental biochemical composition has direct consequence on the inflammatory reaction because, by binding to VEGF on monocytes, activates TNF-α and IL-6 production via a calcineurin-dependent pathway. These immunoglobulin therapies can assist to treat patients with the virus infection.Fig. 3Fig. 4Functions of major cytokines and chemokines in placental extract.Fig. 4Fig. 5Mechanism of Placental Extract mediated immunosurveillance.Fig. 5

1.8. Anti-inflammatory and immunoregulatory properties of placental extracts {#sec1.8}
----------------------------------------------------------------------------

The Placenta, is considered an ideal example of allograft, and it plays an important role of immunomodulation to maintain an environment conducive to foetal development. The placentalmesenchymal stem cells (pMSCs) play a critical immunomodulatory role on the maternal immune system through expression of pMSCs express human leukocyte antigen (HLA)-G which is known to inhibit T cell function and proliferation \[[@bib57], [@bib58], [@bib59]\]. Specifically, pMSC-mediated immunomodulation operates through a synergy of cell contact-dependent mechanisms and soluble factors that induce changes of monocytes/macrophages, dendritic cells, T cells, B cells, and natural killer cells \[[@bib60], [@bib61], [@bib62], [@bib63]\].MSC-secreted Interleukin 1 Receptor Antagonist (IL1-RA) can promote the polarization of macrophages toward the type 2 phenotype which inhibit the differentiation into the type 1 phenotype and dendritic cells \[[@bib64], [@bib65], [@bib66]\]. Anti-inflammatory monocytes secrete high levels of IL-10 and have decreased levels of IL-12p70, TNF-a, and IL-17 expression---a process that is mediated by MSC-produced IL-6 and hepatocyte growth factor (HGF) \[[@bib64]\].MSCssecrete IL-6 and HGF, that induce monocyte to produce IL-10 which suppresses monocyte differentiation into Dendritic Cells and other cell types([@bib67]). Soluble factors produced by MSCsinclude indoleamine 2, 3-dioxygenase, prostaglandin E2, TGF-β1, IL-6 and nitric oxide suppress NK-cell proliferation and cytotoxicity and impair T cell activation and proliferation \[[@bib68], [@bib69], [@bib70]\].Fitzgerald W et al. studied mechanisms of placenta function and the role of extracellular vesicles (EVs) in pregnancy. Placental villous explants also produced large amounts of the pro-inflammatory cytokines IL-6, IL-8, GRO-α, IP-10, and MCP-1 as well as CRP and TRAIL. They also found that placental villi and amnion continuously produced growth factors(angiogenin, fibronectin, galectin-1,ICAM-1, IGFBP1, IL-1Ra, IL-27, PAPP-A, serpin E1), angiogenic factors(VEGFR1,andVEGFR2), anti-angiogenic factors (uPA, and uPAR), and hormones(hCG and PGE2). Additionally, Placental extracts also depot of natural anti-oxidants such as superoxide dismutase, catalase and glutathione peroxidase which neutralize free radicals, preventing cellular death and ultimately, halt disease development \[[@bib71]\].Kim SY et al. studied the immunoregulatory effects of placental extract on mouse model of allergic contact dermatitis. Administration of placental extract reduced numbers of CD4^+^ T cells in peripheral blood, decrease of tissue-infiltrating lymphocytes, and preferential production of Th2-type cytokines([@bib72]).

1.9. Antiviral activities of placental extracts {#sec1.9}
-----------------------------------------------

The placenta acts as a immunological barrier between the mother and fetus and protects the developing fetus from the transmission of viruses.The aqueous extract of human placenta is a depot of growth factors, chemokines and cytokine which execute antiviral activity in coordination with innate and humoral immunity. Interferons (IFNs) are a large family of cytokines defined by their ability to confer resistance to viral infections and providing rapid and broad protection against a wide variety of invading pathogens. Placental trophoblast derived interferons (INF) and TNF-, have been shown to impair virus replication and activity \[[@bib73],[@bib74]\]. There is growing evidence that IFNs are constitutively released from human trophoblasts and play essential roles in protection against viral infection([@bib75],[@bib76]).Production of type I IFNs control infection systemically, and type III IFNs (IFN-λs) control infection locally at barrier surfaces by placental trophoblasts.

Human mid-gestation placentas showed potent antiviral activity against RNA and DNA viruses, including teratogenic viruses such as Zika virus (ZIKV), rubella virus (RuV), human cytomegalovirus (hCMV), varicella zoster virus (VZV), and herpesvirus (HSV-1) \[[@bib77]\].The placenta reveals a variety of mechanisms to limit HIV-1 replication. Placental macrophages (Hofbauer cells) are key mediator factors. Hofbauer cells express elevated concentrations of regulatory cytokines, which inhibit HIV-1 replication, and possess intrinsic antiviral properties. Yet viral-induced activation with maternal HCMV may override this protection to facilitate in-utero. IFNs plays unique role to counter pathogen invasion at mucosal sites and they stimulate pathogen clearance while controlling inflammation to maintain barrier integrity([@bib78],[@bib79]).

These novel placental factor (PF) which is a small, heat- and pH-stable molecule with broad activity against different strains of HIV-1, and does not share identity with any other known cytokines. Study suggest that placental derived novel PF exabit an antiviral properties that protects the fetus during gestation \[[@bib80]\]. Ouyang Y et al., studied extracellular vesicles (EVs) derived from human trophoblasts. EVs contain a distinct repertoire of proteins found to suppress the replication of a wide range of diverse viruses and exhibit the highest antiviral activity([@bib81]).

1.10. Potential role of placental growth factors as anti-viral drugs {#sec1.10}
--------------------------------------------------------------------

Placental growth factors are expressed in greatest quantities under normal conditions within villous cytotrophoblastic tissue and the syncytiotrophoblast which forms the barrier between maternal and foetal blood from sixth month of gestation. Placental growth factor concentrations peak during the third trimester, thus ample amounts of growth factors can be isolated for clinical use.Placental growth factors have mitogenic, angiogenic, and immunoregulatory properties, enhancing cellular survival, and involved in host defensive mechanism. Placental growth factors, chemokines and cytokines play important role in adapting host to newer infections. Important role of placental growth factors in host defence are presented in [Table 2](#tbl2){ref-type="table"} .Table 2Potential role of placental growth factors in host defense.Table 2Sr.Growth FactorPotential Role1.Hepatocyte Growth Factor (HGF)\*Essential for organ development and SelfRepair\*Prohibits apoptotic signals\*Inhibits neutrophil infiltration\*Angiogenic factor and anti-thrombosis\*prohibit viral replication2.Nerve Growth Factor (NGF)\*Promotes the pathological neovascularization process.\*act as an indirect activator of endothelial cell growth by stimulating the release of other vascular growth factors.\*NGF stimulates the proliferation of B and T lymphocytes.\*nervous and immune systems collaborate in the control of homeostasis and host defence.3.Epidermal Growth Factor (EGF)\*Airway epithelial surface: mucin productionand secretion.\*Neutrophil recruitment (via interleukin-8production)\*Important role in airway epithelial repair.4.Fibroblast Growth Factor (FGF)\*Recruitment and activation of neutrophils.\*A potent mitogen for airway smooth muscle cells.\*Maintains the innate immune homeostasis of antiviral immunity by stabilizing retinoic acid- inducible gene-I (RIG-I) and preventing proteasome-mediated RIG-I degradation.\*Repair and maintenance of epithelial cells and epithelial integrity.5.Insulin-like Growth Factor (IGF)\*Important role in the regulation of inflammation in the immune system.\*Important role in the process of cell growth, differentiation, and apoptosis.6.Colony-Stimulating Factor (CSF)\*Promote differentiation, activation and mobilization of myeloid cells.\*Drives immune functions of alveolar macrophages and dendritic cells (DCs).\*Increases mono- nuclear phagocyte-mediated innate and adaptive host defence and accelerates epithelial repair.7.Vascular Endothelial Growth Factor (VEGF)\*crucial roles in promoting cell proliferation, cell migration, increasing the vasopermeability, and promoting angiogenesis.\*Roles in recruitment of hematopoietic stem cells, migration of monocytes and macrophages.\*Participates in innate immunity and is responsive to pathogen infection.\*Inhibition of apoptosis, and virus infection.

2. The hepatocyte growth factor (HGF) {#sec2}
=====================================

HGF is anmitogenic acidic protein expressed strongly in the villous syncytium, extravillous trophoblast, and amnionic epithelium, and, to a lesser degree in endothelial cells and villous mesenchyme \[[@bib82]\]. HGFcan function as anti-apoptotic and anti-inflammatory which will have protective effects on epithelial and non-epithelial organs. HGF also plays important role inhematopoiesis that promotes the proliferation and colony formation of hematopoietic progenitors \[[@bib83]\]. During viral infections, neutrophils, eosinophils and macrophages accelerate local or systemic inflammation resulting in tissue injury. Upon inflammatory stress, mesenchymal cells synthesize HGF that inhibitsneutrophil infiltration via the down-regulation of adhesion molecules (such as ICAM-1/E-selectin) on the endothelial cell surface \[[@bib84]\]. It has been hypothesized that reduced HGF production in elderly patients can be corrected using the placental HGF, an intervention that would be of great use in management of aspiration pneumonia, a common respiratory ailment in this age group due to impairments of swallowing and of the cough reflex([@bib85]). Shigemura, N et al. administeredHGF cDNA to emphysematous rats and reported extensive pulmonary vascularization and increased proliferation of alveolar epithelial cells, which, in turn, improved exercise tolerance and gas exchange \[[@bib86]\].Thus HGF has the potential to improve acute and chronic inflammatory disorders via its regenerative, anti-apoptotic, and anti-fibrotic effects.

2.1. Nerve growth factor (NGF) {#sec2.1}
------------------------------

NGFis a neurotrophic peptide biomolecule that supports the growth, survival and differentiation of both developing and mature neurons in central and peripheral nervous system. NGF is produced and utilized by several cell types, including structural (epithelial cells, fibroblasts/myofibroblasts, endothelial cells, smooth muscle cells and hepatocytes), accessory (glial cells, astrocytes and Muller cells) and immune (antigen presenting cells, lymphocytes, granulocytes, mast cells and eosinophils) cells. It is recognized as a pleiotropic factor. The NGF is a potent angiogenic factor with receptors on endothelial and vascular smooth muscle cells. Activation of these receptors indirectly activates endothelial cell growth by stimulating release of vascular growth factors \[[@bib87]\].NGF is considered as potent angiogenic factor. Endothelial cells, vascular smooth muscle cells have NGF receptor and upon activation it indirectly activate endothelial cell growth by stimulating the release of other vascular growth factors \[[@bib88], [@bib89], [@bib90]\].NGFalso modulates immune functions by stimulating the proliferation of B and T cells and the production of IgM, IgA (a1) and IgG4 antibodies \[[@bib91]\]. NGFactivates interleukin-2 receptors on human peripheral blood mononuclear cells and promotes the growth and proliferation of human hematopietic cell([@bib92]). NGFis also involved in chemotaxis, viability and functional properties of human polymorphonuclear neutrophils and differentiation of thymic stromal non-lymphoid cells \[[@bib93]\]. NGF can induce the shape of platelets and act as an autocrine survival factor for memory B cell \[[@bib94],[@bib95]\]. It is been found that NGF stimulate connective tissue mast cells and daily injections of NGF in neonatal rats resulted in robust connective tissue mast cell hyperplasia in several peripheral tissues \[[@bib96],[@bib97]\].

Thus, NGF carry different biological functions within and outside the nervous system. NGFinfluenced sympathetic, parasympathetic and sensory nervous system regulates immunity by antigen processing and presentation, Th1/Th2 balance, immunoglobulin production and antigen-specific responses. Importantly, NGF facilitate the collaboration between nervous and immune systems and maintains homeostasis and host defence.

2.2. Epidermal growth factor (EGF) {#sec2.2}
----------------------------------

This was the first ligand of the EGF Receptor which is one of the superfamily of transmembrane receptors with intrinsic Receptor Tyrosine Kinase (RTK) activity. The EGF Receptors are one of 58 RTKs through which cells receive information from the external milieu and integrate them with intracellular responses.Epidermal growth factor (EGF) receptor (EGFR), also known as ErbB1/HER1, is the prototype of the EGFR family that also includes ErbB2/HER2/Neu, ErbB3/HER3, and ErbB4/HER([@bib98],[@bib99]). EGF is a functionally versatile polypeptide that plays an important role in regulating cell growth, survival, migration, apoptosis, proliferation, and differentiation. It leads to autophosphorylation of receptor tyrosine kinase (RTK) and subsequent activation of Ras/mitogen-activated protein kinases (Ras/MAPK), phosphatidylinositol 3-kinase/AKT (PI3K/AKT), phospholipase C-γ/protein kinase C (PLC-γ/PKC), and STATS signal pathways, to promote intestinal development, regulate tight junction protein expression, reduce cell autophagy, inhibit apoptosis induced by oxidative stress, and reduce the colonization of the intestinal epithelium by entero-pathogens([@bib100]).It has been linked to various cancers like small cell lung cancer, glioblastoma, head and neck cancer, breast cancer, pancreatic cancer, metastatic colorectal carcinoma through the EGFR upregulation that is commonly seen in them(99). EGF is implicated in the morphogenesis of teeth, brain, reproductive tracts, skin, gastrointestinal tracts, in cardiovascular differentiation and function, epithelial regeneration, and corneal epithelia([@bib101]). With respect to airways, deposition of pathogens or noxious particles on the epithelium generates an innate immune response through the EGF receptor. The EGR receptor signalling pathway produces various responses like mucin production and secretion, neutrophil recruitment (vis IL-8 production and epithelial wound healing in the lung tissue([@bib102]). These responses through EGFR signalling also respond to mechanical stress of the respiratory epithelium. Sequential actions following EGFR signalling in mechanically stressed epithelium involves endogenous nucleotides, G-protein and non-G-Protein coupled receptors leading to IL-8 production and macrophage-release of TGF-α([@bib103],[@bib104]). .

Air way epithelium is an important barrier against invading microorganisms, and epithelial innate immune mechanisms through EGFR signalling provide important pathways for repairing wounded epitheliumvia mechanical stimulation. The mechanical stress, endogenous nucleotides, such as ATP and UTP, are released into the extracellular space from mechanically stressed epithelium, stimulating epithelial cell proliferation \[[@bib103]\]. These nucleotides bind to specific G-protein-coupled receptors (GPCR) and to non-GPCRs and stimulate IL-8 production in airway epithelial cells \[[@bib104]\]. Activated EGFR signalling activate macrophage to produce TGF$\alpha$ and contribute in the epithelial repair process \[[@bib105]\].

The airway epithelium is the first site of contact with inhaled viral particles. Inhaled viral particles depositing on the airway epithelial surface activate EGFR signalling pathways. EGFR activation results in the production of mucins to assist in the clearance and IL-8 recruits neutrophils, and also stimulates epithelial repair([@bib106]).

2.3. Fibroblast growth factor (FGF) {#sec2.3}
-----------------------------------

Basic fibroblast growth factor (bFGF or FGF2) is a potent mitogen for many cell types, including airway smooth muscle cells, fibroblasts, and endothelial cells \[[@bib107]\]. FGF2 can be released from inflammatory cells including T lymphocytes, eosinophil, mast cells, macrophages, and myeloid dendritic cells \[[@bib108], [@bib109], [@bib110]\]. FGF carry out multiple biological processes by signalling through FGF receptors, including tumor angiogenesis, embryonic development, differentiation, proliferation, migration, and injury repair \[[@bib111], [@bib112], [@bib113]\].FGF2 generate innate immune response by stabilizing retinoic acid-inducible gene-I (RIG-I) and preventing proteasome-mediated RIG-I degradation([@bib114]). Wang W et al. explored the role of FGF2 in host defence against influenza-A viral (IAV) infection using mouse model([@bib115]). Results, indicated that FGF2 plays a pivotal role in IAV-induced lung injury, and recombinant FGF2 protein administration markedly reduces mortality and the severity of lung injury. The underlying mechanisms were neutrophil activation and recruitment via the PI3K-Akt-NFκBsignalling pathway. Endothelial cell stress triggered by inflammatory mediators such as IL-25, IL-1β, TNF-α, prostaglandin E2 (PGE2) and IFN-α/IL-2 result in release of endothelial FGF2which might result in angiogenic response \[[@bib116]\].In turn,FGF2 stimulate endothelial cells to produce various pro-inflammatory factors and chemo attractants, including IL-6, TNF-α, and monocyte chemo attractant protein 1 (MCP-1) \[[@bib117]\].Thus, FGF functions as immunomodulatory factor by inducing the secretion of pro inflammatory factors in airway diseases. Role of FGF2 in modulating the function of airway cells in remodelling, inflammation, and lung function could provide potential alternative options for patients that are unresponsive to current anti-inflammatory treatments being used in COVID-19.

2.4. Insulin-like growth factor (IGF) {#sec2.4}
-------------------------------------

IGF belongs to the insulin-like growth factor family, which includes growth hormone (GH), insulin-like growth factor II (IGF2), insulin-like growth factor 1 receptor (IGF1R), insulin-like growth factor II receptor (IGF2R), and insulin-like growth factor binding protein 1--6 (IGFBP1--6) \[[@bib118]\]. IGF family plays an important role in the cellular growth, differentiation, and apoptosis \[[@bib119],[@bib120]\]. IGF1 mainly functions by binding to IGF1R, a transmembrane protein composed of two α domains that binds to IGF1and activates two β domains \[[@bib121]\]. The β domain has tyrosine kinase activity which promote the phosphorylation of the hepatocyte growth factor (HGF), docking protein insulin receptor substrate (IRS), vascular endothelial growth factor (VEGF), and growth factor receptor binding protein 2 (Grb2) \[[@bib122]\]. IGF plays an important role in the regulation of inflammation. IGF1binds to the receptor and activates the PI3K/AKTsignalling pathway and induces Akt activation, which further activates the downstream IL-17-mediated inflammatory pathway \[[@bib123]\].Asthmatic patients exhibit higher bronchial cell IGF1 mRNA expression than normal people and this was associated with fibrosis in epithelial cells \[[@bib124]\]. IGF1is known to alleviate the inflammatory response by recruiting T regulatory cells to secrete IL-10 which is the anti-inflammatory cytokine \[[@bib125]\]. Li G et al. studied the role of IGF1 in mediating inflammation and pathology during influenza infection. They found that IGF1 mRNA and protein increased after influenza virus infection. This overexpression of IGF1 aggravated cytokine expression, triggering the PI3K/AKT and MAPK signalling pathways to induce an inflammatory response([@bib126]).Rao P et al. studied role of IGFBP-3 in the pathogenesis of herpes stromal keratitis (HSK). Results showed an increased level of IGFBP-3 in HSK developing corneas and lack of IGFBP-3 resulted in the exacerbation of HSK which was associated with an increased number of leukocytes in infected corneas of IGFBP-3^−/−^ than B6 mice. Thus depending upon the cellular microenvironment, IGFBP-3 can either have a protective or damaging effect in an ongoing inflammation \[[@bib127]\].Very recently, a study by Fang J et al. demonstrated the fate and behaviour of muscle stem cells (MuSCs) during muscle repair and regeneration. Study revealed that MuSCs produce a large amount of insulin-like growth factor-2 (IGF-2) that results in macrophages maturation. Macrophages undergo oxidative phosphorylation and acquire anti-inflammatory properties([@bib128]).IGF family plays an important immune function in inflammatory lung injury and may provide a therapeutic target for humans in response to COVID-19 outbreak.Last year, researchers demonstrated the inhibitory effect of IGF-1 on phagocytosis by alveolar epithelial cells, with enhanced phagocytic activity noted on IGF-1 blockade in asthmatic mice. This supports potential use of IGF-1 as a target in inflammatory pulmonary conditions([@bib129]).

2.5. Colony-stimulating factor (CSF) {#sec2.5}
------------------------------------

Initially believed to have relevance to haemopoietic system, CSFs are important modulators of immune response in human body. The Macrophage-CSF, produced by endothelial cells, fibroblasts, osteoblasts, smooth muscle, and macrophages is responsible for homoestatic maintenance of several myeloid lineages without changing their 'activation' state. Conversely, the Granulocyte-Macrophage CSF (GM-CSF) causes activation of monocytes/macrophages and also mediates their differentiation and maturation to effector forms like dendritic cells or iNKT Cells([@bib130]). Levels and expression of GM-CSF are increased during inflammatory responses and at sites of inflammation with proinflammatory cytokines inducing their expression and anti-inflammatory cytokines like IL-4, IFN- γ and IL-10 suppressing it.Increased mRNA expression and levels of pro-inflammatory cytokines like IL-23, IL-12p70,TNF, IL-1β, and IL-6 is seen monocytes/macrophages in vivo that are treated with GM-CSF, but high cytokine secretion by these 'primed' cells need the additional stimulus of lipopolysaccharide (LPS) \[[@bib131]\]. However, cells primed by M-CSF are seen to produce IFN-$\beta$, TGF-$\beta$, and IL-10 in response to LPS Expression of GM‐CSF is induced by proinflammatory cytokines, such as IL‐1α, IL‐1β, TNF‐α, and IL‐12, whereas IL‐4, IFN‐γ, and IL‐10 suppress it. At sites of inflammation, GM‐CSF has proinflammatory effects through recruitment of myeloid cells and by enhancing their survival and activation([@bib132], [@bib133], [@bib134]). Granulocyte/macrophage colony-stimulating factor (GM-CSF) and macrophage CSF (M-CSF) modulate differentiation and immune functions of macrophages.M-CSF and GM-CSF are cytokines that have the capability of aiding myeloid cell differentiation.CSFs are involved in proinflammatory cytokine response responsible for immunopathogenesis of several inflammatory or autoimmune diseases \[[@bib132]\]. It maintains DC homeostasis in nonlymphoid tissue and modulates the development of inflammatory macrophages and monocytes \[[@bib135]\]. Macrophages exposed to GM-CSF induce secretion of proinflammatory cytokines, such as IL-23, IL-12p70, TNF-$\propto$, and IL-6 in response to LPS, whereas M--CSF-- expose cells produced IFN-$\beta$, TGF-$\beta$, and IL-10 in re-sponse to LPS stimulation(132--134).

Dendritic cell (DC) homoeostasis in nonlymphoid tissue is maintained by GM-CSF. Dendritic or macrophages in response to bacterial infection or LPS stimulation secrete IL-23 and IL-12 resulting in NK and T cell activation leading to IFN-$\gamma$ production. Production of IL-12 result inTh1-driven immune responses, whereas IL-23 enhances the proliferation of Th17 cells \[[@bib25],[@bib136]\]. In late phase of sepsis, DCs secrete lesser amounts of IL-12 which are required for the T-Helper (Th)1 response. Use of GM-CSF and IFNγ in sepsis has been shown to restore IL-12 production by splenic DCs. Importantly, IL-10 is secreted by macrophages and monocytes to control inflammation after the infection is resolved \[[@bib137]\].

Alothaimeen T et al. defined how GM-CSF and classical M--CSF--derived macrophages differ with regard to their ability to support the proliferation of antigen-specific CD8^+^T cells, as well as phenotypic and functional characteristics when responding to a virus infection. GM- CSF derived macrophages inducing a stronger proinflammatory cytokine response than M-CSF derived macrophages. While the M-CSF derived macrophages induce strong anti-inflammatory cytokine IL-10, indicating that these subsets have signature cytokines in response to virus infection and may regulate adaptive immunity eventually to different outcomes \[[@bib138]\].Role of GM-CSF has been studied in acute states like sepsis and chronic inflammations like asthma, rheumatoid arthritis as well as in metastatic breast cancer. In the lung, GM- CSF play an important role in antimicrobial pulmonary host defence function \[[@bib139]\].The balance of GM-CSF and M-CSF is of immense importance during states of inflammation. While further elucidation is required on the exact phenotype of patients who would benefit from CSFs and the time of administration in disease states, their role during inflammatory states though complex is well acknowledged. They thus provide a target for modulation of immune responses during infections. Thus, the balance of these cytokines after infection could be critical for clearing infections. Clinical benefit of intravenous injection of GM-CSF treatment in adult patients with severe sepsis and respiratory dysfunction were encouraging. GM-CSF treatment resulted in improved gas exchange and might play a homeostatic role([@bib140]). Therapeutic application of GM-CSF increases mononuclear phagocyte-mediated innate and adaptive host defense and accelerates epithelial repair processes during severe pneumonia. There is evidence that it might be a powerful antiviral therapy in pneumonia. Data suggest that GM-CSF compartment of Placental extract application seems to be most promising strategy for COVID-19 treatment.

2.6. Vascular endothelial growth factor (VEGF) {#sec2.6}
----------------------------------------------

Placental Growth Factor (PlGF) is an angiogenic protein, belonging to the Vascular Endothelial Growth Factor (VEGF) family that is expressed in placenta. VEGF induces the proliferation, sprouting, and migration of endothelial cells and it regulates endothelial cell survival, and vascular permeability([@bib141],[@bib142]). A recent study describes the role of PlGF in cross-talk with the immune system, where PlGF was selectively secreted by activated TH17 subset of helper T-cells and stimulated neovascularization in vitro and in vivo. The study also postulated a role for PlGF in differentiation of TH17 cells and autoimmunity([@bib143]). The VEGF has high relevance to pulmonary integrity as it affects development and structural maintenance of the lung in addition to impacting the functions through its effect on Nitric Oxide and prostacyclins. Type II pneumocytes undergo differentiation under the influence of the VEGF stimulation. Upregulation has been also described in pulmonary pathological conditions such as acute lung injury, asthma, emphysema, chronic obstructive pulmonary disease and pulmonary hypertension. Overexpression of VEGF in murine lung was seen to induce an asthma-like phenotype with inflammation, remodelling, metaplasia, hyperplasia of mycytes and dendritic cells and augmented Th2 inflammation([@bib144], [@bib145], [@bib146]). An age-dependent loss of the pro-survival effect of VEGF has been described on muscle, bone, vascular endothelialcells and progenitor cells. Mitochondrial dysfunction is a phenomenon underlying the process of aging, which has been reported to block VEGF expression and contribute to impaired angiogenesis. This phenomenon may extend to the lungs and could be a possible link between the increased mortality of elderly and severe lung infections as is seen in the COVID-19 pandemic too([@bib147],[@bib148]). Improving understanding of the role of VEGF has been obtained through animal studies. Kasahara et al. showed in rat-model that chronic treatment of rats with the VEGF receptor blocker SU5416 causes alveolar cell apoptosis--dependent emphysema within weeks \[[@bib149]\].The baud et al. created a phenotype similar to bronchopulmonary dysplasia with alveolar simplification and loss of lung capillaries by VEGF blockade in new born rats. The model of irreversible lung injury showed reversal using Postnatal intratracheal adenovirus-mediated VEGF gene therapy with promotion of capillary formation, reduced vascular leak, preserved alveolar development and improved survival([@bib150]).Kumar, PA et al., studied the lung post-injury regeneration after H1N1 influenza-infected mice. lung regeneration started with endothelial proliferation, activation of distal airway stem cells, alveolar regeneration, and restoration of alveoar capillaries after H1N1 influenza infection([@bib151]).Ramasamy SK et al., elaborated the VEGF signalling cascade and involvement of other factors. VEGF and FGF signalling induced expression of MMP14 on endothelial cells, which led to the release of active EGF-like fragments from heparin-binding EGF-like growth factor (HB-EGF) and the laminin5$\gamma$2 subunit. This led to the activation of EGFR in alveolar epithelial cells and bronchoalveolar stem cells (BASCs), proliferation of BASCs, and alveolar epithelium([@bib152]). Robust experimental and clinical evidence on role of VEGF in inflammatory and angiogenic responses are present in diseased lungs. The VEGF (PlGF) compartment of placental extracts will thus undoubtedly play a major role in function and integrity of alveolar epithelial cells, septaeandpulmonary capillaries in inflammatory responses due to CoVID-19 infection.Placental growth factor (PlGF) is a member of the vascular endothelial growth factor (VEGF) family found in placental extract. Angiogenesis is an important physiologic process which play important role in maintaining vasculature during wound healing and different diseases pathology. VEGF induces the proliferation, sprouting, and migration of endothelial cells and it regulates endothelial cell survival, and vascular permeability \[[@bib142]\]. Bhandari V et al. demonstrated that the overexpression of VEGF in the murine lung induces an asthma-like phenotype with inflammation, parenchymal and vascular remodelling, oedema, mucus metaplasia, myocyte hyperplasia, AHR, dendritic cell (DC) hyperplasia and activation, enhanced respiratory antigen sensitization, and augmented Th2 inflammation. VEGF plays an important role in antigen-induced Th2 inflammation and IL-4 and -13 elaboration(147).Animal studies in the adult lung, (conditional genetic knockout or chronic pharmacological inhibition) demonstrated that vascular VEGFR2 is required for maintenance and repair of the lung \[[@bib144],[@bib145]\].The expression of VEGF abundantly found in capillary endothelial cells which play an crucial role in maintaining the integrity of capillary beds. Report of Kasahara et al., showed that use of Fc-Anti VEGF blockade for VEGF signalling results in emphysema like phenotype within weeks \[[@bib149]\].Thebaud B et al., reported that VEGF blockade decreases lung VEGF and VEGFR-2 expression in newborn rats and impairs alveolar development, leading to alveolar simplification and loss of lung capillaries, mimicking Bronchopulmonary dysplasia (BPD). This injury can be reversed using Postnatal intratracheal adenovirus-mediated VEGF gene therapy which improves survival rate, promotes lung capillary formation, reduces the vascular leakage and preserves alveolar development in this model of irreversible lung injury \[[@bib150]\].Kumar, PA et al., studied the lung post-injury regeneration after H1N1 influenza-infected mice. lung regeneration started with endothelial proliferation, activation of distal airway stem cells, alveolar regeneration, and restoration of alveolarcapillaries after H1N1 influenza infection \[[@bib151]\]. Ramasamy SK et al., elaborated the VEGF signalling cascade and involvement of other factors. VEGF and FGF signalling induced expression of MMP14 on endothelial cells, which led to the release of active EGF-like fragments from heparin-binding EGF-like growth factor (HB-EGF) and the laminin 52 subunit.

This led to the activation of EGFR in alveolar epithelial cells and bronchoalveolar stem cells (BASCs), proliferation of BASCs, and alveolar epithelium(151,[@bib153]). Thus, given pivotal and specific role of VEGFRin vascular homeostasis, there is robust clinical evidence of direct involvement of VEGF in regeneration of disturbed vasculature in diseased lung. VEGFR compartment in the placental extract will undoubtedly facilitate the regeneration of alveolar epithelial cells, restoration of alveoar capillaries after CoVID-19 infection.

Placental Extract derived cytokine and chemokines:Probable protective mechanism against CoVID-19.

Human body get exposure to numerous pathogens daily, and majority of them are immediately tackled and cleared off the body. Pathogenic attach on the body is been taken care by immune system in two different defence systems: these are the innate and the adaptive immune systems. Innate immune system provides immediate attack on pathogen with broad specificity or prolonged protection with exquisite specificity. Cytokines are small functional proteins play an important role in initial immune response to infection and in adaptation of immune response to foreign or self-antigens. The tissue specific cells release cytokines as message to attract the help from immune system. The chemokines are a family of chemo attractant cytokines which are also released form variety of cells in response to viruses; stimulate cells that undergo changes in cell adhesiveness, and cytoskeleton, resulting in a directed migration of the cell. They mainly attract different leukocytes,and recruiting effector cells onto the sites of infection, initiate an inflammatory response. Probable protective mechanism and involvement of cytokine and chemokines for COVID-19 infection is presented in [Fig. 5](#fig5){ref-type="fig"}.The acute-phase inflammatory responses are initiated by viral exposure.The phagocytes, neutrophils, monocytes, and macrophages rapidly come in to action after exposure of virus. This exposure results in synthesis of macrophage derived cytokines to initiate the inflammation. These cytokines induce the adhesion of neutrophils, monocytes, macrophages and dendritic cells, to migration towards inflammatory cells. Macrophages phagocytize viral particles and act as an antigen presenting cell (APC) that can be recognized by antigen-specific T cells, activating production of IL-1. Macrophages produce of IL-1, IL-6, and TNF-α as a pyrogenic response while production of IL-10 results in T~H~2 activation, and production of IL-12 results in T~H~1 activation. NK cells can be activated by IFN-γ, IL-2, IL-12, and TNF to amplify the lysis of infected cell. The production of IFN-γ by NK cells may influence the CD4^+^ T cell response to infectious cells, and they differentiate into pro-inflammatory T~H~1 cells able to activate macrophages \[[@bib26],[@bib27]\]. The DCs are considered to be the main antigen-presented cells which can migrate to any tissue and inspect the cellular appearance. They efficiently present antigens to T cells in lymphoid organs. The DCsexpress several Toll-like receptors (TLRs) the key players in the interactions between the innate and adaptive immune systems, and able to detect the presence of viral components on the infected cells. TLRs induce several chemokines such as IL-8 and the inflammatory cytokines IL-1β and IL-12(23).Placentation after pregnancy can be defined as temporary allogenic transplantation where maternal immune system and placenta collaboratively take a challenge to accept and facilitate fetal growth till birth. The maternal immune system is regulated by placental derived cytokines to protect the the fetus and to promote proper development. Tolerance to an fetusallo graft is achieved by an increase in T~H~2 cytokines including IL-4 and IL-10 and a decrease in T~H~1 cytokines such as IL-2 and IFN-γ. Placenta plays an central role in controlling pro-inflammatory phase during the early pregnancy and anti-inflammatory phase till complete development of fetus([@bib154]). Precursor T cells generated in the bone marrow and then migrate to prime in the thymus. T cells are having distinct populations and different functionality: the CD4^+^ T helper, or T~H~ cells, and the CD8^+^cytotoxic cells. T~H~ cells show four subsets: T~H~0, T~H~1, T~H~2, and T~H~17 effector cells and regulatory T cells (T regs). Antigen stimulation results in differentiation Naive T cells to intermediate state termed T~H~0. The decision as to whether the T~H~0 will develop into an inflammatory T~H~1 cell, a helper T~H~2 cell, or a T~H~17 cell depends on cytokine environment at the site of priming(24,25). Activation and adaptation of immune system depends on the cytokine signals of T~H~ cell. Naïve T cells stimulated with TGF-ᵦand IL-6 results in differentiation in to T~H~17 cells. T~H~17 cells secrete important cytokines IL-17 family which has pleiotropic effect on the immune cells. IL-17 stimulates the production of inflammatory cytokines, such as IL-6, TNF-$\alpha$, IL-1$\beta$, chemokines (CXCL1, CXCL3, CXCL5, CXCL6), and several growth factors G/GM-CSF, and VEGF \[[@bib141]\].T~H~17 cell also produces other important effector molecules, such as IL-21, IL-22, IL-26, IL-6 and CCL20(28). Typical cytokines secreted by human T~H~1 are IFN-γ and TNF-β which activate macrophages and the cytotoxic lymphocytes, resulting in a cell-mediated immune response. Cytokines secreted by human T~H~2 are IL-4, IL-9, and IL-13 help to activate B cells, resulting in antibody production.T~H~1 cells inhibits T~H~2 cells through production of IFN-γ and IL-10 produced by T~H~2 cells inhibits production of IFN-γ by T~H~2 cells \[[@bib155]\].IL-4 inhibits production of T~H~1 cells and differentiation of T~H~17 cells. Thus, the activation of the immune system is directed at the viral antigen. Cell-mediated response is generated for intracellular pathogens and antibody related response is generated for extracellular response of infected cell. Cytokines IL-2, IL-4, and IL-5, contribute to B cell proliferation during the active antiviral response, where IL-4 and IL-5 are the most potent inducers of antibody secretion by the B cell. Macrophages and T cells secrete IL-6, which is a growth factor for differentiated, antibody secreting B cells \[[@bib156],[@bib157]\]. The next step towards anti-viral signalling for B cells is to develop into effector plasma cells clone the particular viral antigen. Plasma cells found in lymphoid organs and at the sites of immune responses. Effector cells generated in the mucosal immune system converted into memory cells and these clones can be reactivated when the same viral pathogen is encountered again. Thus long-lasting immunity can be achieved for secondary immune response \[[@bib158]\].

3. Conclusions {#sec3}
==============

The SARS-2 coronavirus and the resulting pandemic has taken the entire world by storm with a rapid spread and high morbidity and mortality that has challenged health care services in many countries. Large numbers of efforts are directed to finding management solutions for the disease and a cure for the virus. Regenerative medicine is one such field that has the potential to provide required answers. Clinical applications of placental extracts have been shown to be beneficial and there is now an acute need for researchers in the field to respond in a manner that satisfies the scientific temperament of this evidence-based era. This review aims to underline the immense possibilities available in this field and highlight some of the available scientific data that support further inquiry. Two predominant areas that can be targeted using placental extract are 1) Generating an early, protective immune response against SARS CoV-2 and 2) Moderating an immune overreaction such as cytokine storm that is the cause of complications and even death. It bears repetition that the placenta is an armoury with balance of inflammatory, anti-inflammatory, and immunomodulatory bioactive molecules that are potential weapons in the fight against novel, emerging infections. Well-designed, outcome-oriented clinical trials to test placental extract as an antiviral agent could provide the answers the world seeks.
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Antigen-specific immune response is efficiently involved in clearing of the pathogens. Dendritic cells serve as a link between antigens and T cells by recognizing the pathogen in the form of antigenic determinants, process these antigens and present it to T cells. The exposure of phagocytes, neutrophils, monocytes, and macrophages result in the synthesis of cytokines to initiate the inflammation. Macrophages migrate toward the site of inflammation by chemotaxis and act as APC recognized by T cells and activates IL-1. Macrophages produce of IL-1, IL-6, and TNF-α while IL-10 and IL-12 results in TH2 and TH1 activation respectively. Activated NK cells amplify the lysis of infected cells. The production of IFN-γ by NK cells influences the CD4^+^ T cell response to infectious cells.

[^1]: W is A/T; R is G/A; M is A/C; S is G/C. FAM: 6-carboxyfluorescein; BBQ: blackberry quencher.

[^2]: Optimised concentrations are given in nanomol per litre (nM) based on the final reaction mix, e.g. 1.5 μL of a 10 μM primer stock solution per 25 μL total reaction volume yields a final concentration of 600 nM as indicated in the table.
